In this study, austenitic stainless steel (316L) coatings were formed using both Wire Flame Spray Forming (WSF) and High Velocity Oxy Fuel (HVOF) deposition processes after a NiCr bond layer was deposited on low carbon steel substrate. The coatings were characterized by light optical microscope (LOM) and microhardness measurements. Corrosion resistance of 316L austenitic stainless steel coatings applied onto low carbon steel via WSF and HVOF spray processes was analyzed by using the potentiodynamic polarization scanning (PDS) technique. The wear behaviour of the coatings against Al 2 O 3 ball was investigated with a reciprocating tester under dry friction conditions. It was found that the HVOF sprayed coating showed higher hardness and better wear resistance than the WSF coating. However, the overall corrosion resistance of the HVOF deposited coating was inferior to that of the WSF coating.
Introduction
Thermal spraying is an effective and low cost method to apply thick coatings to change surface properties of the component. Coating materials available for thermal spraying include metals, alloys, ceramics, plastics and composites. They are fed in powder, wire or rod form, heated to a molten or semi-molten state and accelerated towards substrates in the form of micrometer-size particles. Combustion or electrical arc discharge is usually used as the source of energy for thermal spraying [1] [2] [3] . By using different coating processes, coating materials and the process parameters, 
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the resulting coating properties may differ. In the practice, it is not possible to achieve defect-free thermal spray coatings, which induce weak wear and corrosion resistance. In the industrial applications, coating quality is usually assessed by measuring its porosity, oxide content, macro and microhardness, adhesion strength and surface finish. The wire flame spray deposition method provides distinguishing advantages, such as its being more economical, easier to handle and more adaptable to manufacturing processes with short series or recovery of pieces, while the HVOF technique requires special installations and equipment which utilize confined combustion and an extended nozzle to heat and accelerate the powdered coating material [2, 3] .
In this work, stainless steel alloys were sprayed by WSF and HVOF techniques to produce coatings with great wear and corrosion resistance. It must be mentioned that the thermal sprayed stainless steel coatings obtained by both processes have not yet been fully examined. This work therefore can provide useful information for fabrication of thermal sprayed stainless steel coatings using two techniques.
Experimental Details
The substrate material was the low carbon steel. The spayed materials were AISI 316L stainless steel. Before the spraying process, the surface of the carbon steel was roughened by sand blasting and then coated with an intermediary Ni-Cr layer. The coatings were sprayed by WSF and HVOF, respectively. The thickness of WSF sprayed coating was about 290 μm. The thickness of the HVOF sprayed coating was about 350 μm.
Cross-sectional morphology of the coatings was characterized by using a Light Optical Microscopy (LOM) and Scanning Electron Microscope (SEM) equipped with Energy Dispersive X-Ray Spectroscopy (EDS). Mechanical properties of the coatings were examined by microhardness measurements and dry sliding wear tests. Microhardness tests were conducted on polished surface of the coating with a Vickers indenter under a load of 500 g for a dwell time of 10 s. Three microhardness measurements were obtained for each coating, and the average value was recorded. Dry sliding wear tests of the coatings were performed on a reciprocating wear tester operating in ball-on-disc configuration at room temperature. In this configuration, an Al 2 O 3 ball with a diameter of 10 mm was sliding forward and backward against the coatings with a sliding speed of 1.7 cm s -1 . Normal load of the test, sliding amplitude (wear track length) of the reciprocating motion and overall sliding distance were 5 N, 10 mm and 50 m, respectively. During the wear tests, the temperature and the relative humidity were maintained as 18 ± 2 C and 34 ± 2 %, respectively. The friction coefficient force was continuously recorded during the tests. Width and depth of the wear tracks were measured by a surface profilometer (Surftest SJ 400) to calculate wear performance of the coatings. Following the wear tests, wear tracks were examined by LOM and SEM examinations.
The electrochemical corrosion tests were performed utilizing a typical three electrode potentiodynamic polarization test unit in the corroding media of aerated solution of 3.5 wt. % NaCl at room temperature. The exposed area of the coatings was about 0.2 cm 2 . Before potentiodynamic polarization measurements, the coating surfaces were ground using 1200 grit SiC paper and mechanically polished with a fine grade Al 2 O 3 paste to achieve a certain surface uniformity. The coatings were immersed into the solution and allowed to be stabilized for 45 min in order to ensure a steady open circuit potential (OCP). Potentiodynamic polarization curves were generated by sweeping the potential from cathodic to anodic direction at a scan rate of 1 mVs −1 , starting from -0.25 up to + 0.25 V. Corrosion potentials (E corr ) and corrosion current densities (i corr ) were calculated using a Tafel type fit in the software. Finally, the surface images of the corroded coatings were examined using a SEM.
Results and Discussion
The microstructures of WSF and HVOF 316L coatings are shown in Figure 1 . The coating microstructure in Figure 1 (a) shows splats on top of each other separated by alternating oxide layers due to the lower temperature and velocity associated with WSF spraying. Different from the WSF coating, the HVOF coating has melted, unmelted and semi-melted particles in the coating structure (Figure 1 (b) ). The two coatings are well combined with the substrate. The dense and compact HVOF sprayed structure is resulted due to higher velocity that causes both, mechanical bonding between the splats and metallurgical bonding due to partial melting [2] . The microhardness values of WSF and HVOF coatings are 190 ± 58 HV 0.5 and 270 ± 30 HV 0.5 , respectively. The reasons why HVOF coating has higher microhardness than WSF coating may be that the former has more compact microstructure ( Figure 1 ) and cohesive strength of the individual splats as a result of the high impact velocity of the coating particles as suggested by Sidhu et al [2] . Figure 4 denotes wear rate values. The HVOF sprayed coating has lower wear rate than that of the WSF coating, which can be attributed to the higher hardness as well as the better bond both in the coating and in the coating/substrate zone. Figure 8 shows the polarization curves recorded on 316L stainless steel coatings obtained by WSF and HVOF spraying processes. The corrosion potential E corr of the WSF coating is -476 mV and the corrosion current density i corr is 6.3 x 10 -6 A/cm 2 . Meanwhile, the corrosion potential E corr and corrosion current density i corr of the HVOF coating are about -613 mV and 10.2 x 10 -6 A/cm 2 , respectively. Analyzing the curves (Figure 8 ) and corrosion surfaces (Figure 9 ), it can be noticed a better corrosion behavior of WSF coating in comparison with HVOF coating, since the distance 133 from the coating surface to the coating/substrate interface along the alternating oxide layers is very long [4] . 
Conclusion
The AISI 316L coatings were thermally sprayed by WSF and HVOF processes. The microstructure, hardness, wear behavior and corrosion resistance of the coatings were investigated. The results can be summarized as follows:
1. The coating made of HVOF is more compact than that of WSF. 2. The hardness was improved by 40 % in HVOF coating compared to WSF coating and that had great influence on its wear properties. 3. WSF coating had outstanding corrosion resistance compared with the HVOF deposited coating. Further study is necessary to understand the mechanism behind such marked difference in the corrosion performance between the two coatings.
